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(54) GLASS COMPOSITION FOR SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a glass composition for substrate resistant to break, suitable to the 
production of a large-sized plasma display panel and having a high glass transition point by adopting a 
specific composition of glass. 

SOLUTION: This glass composition for substrate is substantially composed of the following components in 
the indication of wt.%: Si02: 56-65, AI203: 15-23, MgO: 0-7, CaO: 0-8, MgO+CaO: 4-15, Na20: 0-9: K20: 
0-1 1 , Na20+K20: 8-less than 12, Zr02: 0-2. It is preferable that the composition has a degree of brittleness 
of less than 7,400m-1/2, a specific gravity of less than 2.6, a glass transition point of higher than 660°C and 
an average coefficient of thermal expansion in a range of 60*1 0-7-75x1 0-7/°C at 50-350°C. 
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1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By weight % display, substantially Si02 56-65, aluminum 203 15 ** -23, MgO 0- 7 CaO 0- 8 MgO+CaO 4- 
15 and Na2 O 0- 9 and K2 O 0-1 1, and Na2 0+K2 O Eight to less than 12, and Zr02 0- 2 - a shell - glass constituent 
for substrates 

[Claim 2] The glass constituent for the substrates of the claim 1 whose brittleness index value is 1/2 or less [ 7400m - ]. 

[Claim 3] The glass constituent for the substrates of the claims 1 or 2 whose specific gravity is less than 2.6. 

[Claim 4] The glass constituent for the substrates of the claims 1, 2, or 3 in the range whose 50-350-degree C average 

coefficient of thermal expansion is 60x10-7 - 75xl0-7/degree C. 

[Claim 5] The glass constituent for the substrates of the claims 1, 2, 3, or 4 whose glass transition points are 660 
degrees C or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the glass constituent for substrates useful as a 

flat display, especially substrate glass for plasma display panels (PDP). 

[0002] 

[Description of the Prior Art] Generally, after PDP calcinates a metal electrode, an insulating paste, a rib paste, etc. by 
the about 550-600-degree C maximum temperature on substrate glass, it is manufactured by carrying out the frit seal of 
the circumference to an opposite board. Conventionally, generally the soda lime glass widely used as the object for 
construction or an object for automobiles as substrate glass for it has been used. 

[0003] However, since substrate glass would deform or contract and a size would change remarkably if heat treatment 
is received by the above-mentioned maximum temperature, since it is 530-560 degrees C, the glass transition point of a 
soda lime glass had the technical problem that it was hard to realize electrode alignment with an opposite board with a 
sufficient precision. When manufacturing especially using the firing furnace of continuous system like the high belt 
furnace of productivity, the temperature gradient stuck by the nose of cam and the back end of a glass plate during 
baking, and there was a problem that a glass plate caused a dimensional change unsymmetrical forward and backward. 
When such a problem becomes the large-sized thing [ as / whose size of a panel is 40 inches ], it becomes more 
remarkable and heat-resistant higher substrate glass is needed. 

[0004] In order to solve heat deformation of this glass substrate or the problem of a thermal contraction, glass with a 
high strain point [ a soda lime glass, near, a glass transition point, and a strain point ] coefficient of thermal expansion 
is known (JP,3-40933,A, JP,7-257937,A). Since it will be hard to cause a dimensional change unsymmetrical before 
and after becoming a problem by the soda lime glass even if it heat-treats PDP manufacture by the firing furnace of 
continuous system if such glass is used, a panel can be calcinated in a high precision. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the handling by the manufacturing process is becoming still more 
difficult by enlargement of PDP in recent years. In order that especially a large-sized substrate may receive big bending 
stress in many cases with a self-weight, slight existence of a blemish leads to the crack in a manufacturing process. 
Moreover, as for each already proposed composition, specific gravity is 2.6 or more and lightweight-ization of a 
member also has the problem of being difficult. 

[0006] the purpose of this invention solves the above-mentioned fault, cannot break easily, and is large-sized - it is in 
offering the glass constituent for substrates which has a high glass transition point so that it may be suitable for 
manufacture of PDP 
[0007] 

[Means for Solving the Problem] Substantially this invention by weight % display Si02 56-65, aluminum 203 15 ** - 
23, MgO 0- 7 CaO 0- 8 MgO+CaO 4-1 5 and Na2 O 0- 9 and K2 O 0-1 1 , and Na2 0+K2 O Eight to less than 12, and 
Zr02 0- 2 - a shell - it is a glass constituent for substrates 
[0008] 

[Embodiments of the Invention] The reason for limitation of composition by this invention is as follows. 
Si02 : There is a possibility that the thermal resistance of glass may become bad and the brittleness of glass may 
increase by the component which forms the frame of glass under at 56 % of the weight (it is only indicated as % 
below). On the other hand, by **, a coefficient of thermal expansion falls 65%. Si02 58 - 63% of range is more 
desirable. 

[0009] aluminum 203 : Although it is effective in getting a glass transition point and raising thermal resistance, there 
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are few these effects at 15% or less. On the other hand, by **, the dissolution nature of glass falls 23%. aluminum 203 
17 - 20% of range is more desirable among the above-mentioned range. 

[0010] MgO: Although it is not an indispensable component, lower the viscosity at the time of the dissolution of glass, 
since there is an operation which promotes the dissolution, make it contain, and get. However, there is an inclination 
for the coefficient of thermal expansion and brittleness of glass to become large too much by ** 7%, and devitrification 
temperature becomes high. 1 - 5% of range of MgO is more desirable among the above-mentioned range. 
[001 1] CaO: Although it is not an indispensable component, lower the viscosity in the dissolution temperature of glass, 
since there is an effect which promotes the dissolution, make it contain, and get. However, there is an inclination for the 
coefficient of thermal expansion and brittleness of glass to become large too much by ** 8%, and devitrification 
temperature becomes high. 1 - 6% of range of CaO is more desirable among the above-mentioned range. 
[0012] MgO+CaO: Lower the viscosity in the dissolution temperature of glass, and in order to make it easy to melt, 
contain at least one side 4% or more by ****. On the other hand, there is an inclination for the coefficient of thermal 
expansion and brittleness of glass to become large too much by ** 15% by ****, and devitrification temperature 
becomes high. 8-13% of range is more desirable among the above-mentioned range. 

[0013] Na2 O: Although it is not an indispensable component, lower the viscosity at the time of the dissolution of 
glass, since there is an operation which promotes the dissolution, make it contain, and get. However, since a coefficient 
of thermal expansion becomes large too much by ** 9%, and the chemical durability of glass deteriorates and electric 
resistance becomes small, there is a possibility that the life of the electrode of PDP may become short. Na2 O has 1 - 
7% of more desirable range among the above-mentioned range. 

[0014] K2 O: Although it is not an indispensable component, lower the viscosity at the time of the dissolution of glass, 
since there is an operation which promotes the dissolution, make it contain, and get. However, by **, a coefficient of 
thermal expansion becomes large too much 1 1%, and there is an inclination for the chemical durability of glass to 
****** £2 o has 2 - 9% of more desirable range among the above-mentioned range. 

[0015] Na2 0+K2 O: Lower the viscosity in the dissolution temperature of glass, and in order to make it easy to melt, 
contain at least one side 8% or more by ****. On the other hand, when it becomes 12% or more by ****, there is an 
inclination for the coefficient of thermal expansion of glass to become large too much, and chemical durability falls and 
there is a possibility that electric resistance may become small. Less than 9 - 12% of range is more desirable among the 
above-mentioned range. 

[0016] Zr02 : Although it is not indispensable in order to get the glass transition point of glass, it is made to contain 
and gets. However, there is a possibility of bringing about increase of the brittleness of glass by ** 2%. At this 
viewpoint, it is Zr02. Considering as less than 0.5% is desirable. 

[0017] S03 besides the above component, As 203, and Sb 203 etc. a clarifier, Fe 203, NiO, CoO and Ti02, Se, and 
Ce02 etc. « a coloring agent etc. can be used suitably Moreover, in order to acquire the same effect as CaO and MgO, 
SrO, BaO, and ZnO can be added. Since increase [ ZnO / SrO and ] / of 2% or less and the brittleness specifically 
according / BaO / to addition respectively is large, it can add 2% or less by **** of SrO, BaO, and ZnO 1% or less. 
[0018] furthermore, in order to acquire the same effect as Na2 O and K2 O, Li2 O can be added 1% or less However, 
too much Li2 O addition has a possibility of bringing about the fall of a glass transition point. Furthermore, it is B-2 03 
in order to improve solubility. It can add. However, since too much addition reduces a coefficient of thermal expansion, 
considering as less than 1.5% is desirable. 

[0019] Moreover, as for the glass constituent for substrates of this invention, it is desirable that specific gravity is less 
than 2.6. It is 2.5 or less most preferably 2.55 or less. 

[0020] Typically, since the glass constituent for substrates of this invention has a 50-350-degree C average coefficient 
of thermal expansion in the range which is 60x10-7 - 75xl0-7/degree C, it can assemble PDP using the frit material for 
alumina-ceramics substrates. 

[0021] Moreover, as for the glass transition point of the glass constituent for substrates of this invention, it is desirable 
that it is 660 degrees C or more. It is more desirable that a glass transition point is 690 degrees C or more in the 
viewpoint of making the few display of distortion easier to manufacture. 

[0022] As for especially the glass by this invention, it is desirable that a brittleness index value is 1/2 or less [ 7400m - 
], and it is 1/2 or less [ 7300m - ] more preferably. 

[0023] In addition, in this invention, the brittleness index value B proposed by loans as a brittleness index value of 
glass is used (B. R.Lawn and D.B.Marshall, J.Am.Ceram.Soc, and 62[7-8]347-350 (1979)). Here, the brittleness index 
value B is Vickers hardness number HV of material. Fracture toughness value KC A shell formula (1) defines. 
[0024] 
[Equation 1] 
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B=H V /Kc (1) 

[0025] The glass of this invention is suitable as a substrate for plasma displays. As for the spectral transmittance, it is 
desirable that it is 85% or more, respectively in 425-475nm, 510-560nm, and 600-650nm. It is because luminescence in 
these wavelength ranges can use for a display efficiently. 

[0026] The glass of this invention can be manufactured, for example by the following methods. Usually, the raw 
material of each component used is prepared so that it may become a target system, this is continuously supplied to a 
fusion furnace, and it heats and fuses at 1500-1650 degrees C. This melting glass is fabricated to predetermined board 
thickness by the float glass process, and is cut after annealing. 
[0027] 

[Example] The raw material of each component was prepared so that it might become a target system, and using the 
platinum crucible, at the temperature of 1550-1650 degrees C, it heated for 4 hours and melted. In the dissolution, the 
platinum stirrer was inserted, it agitated for 2 hours, and homogenizing of glass was performed. Subsequently, it was 
begun to pour dissolution glass and cooled slowly after fabricating to a tabular. 

[0028] In this way, the specific gravity of the obtained glass, the average coefficient of thermal expansion alpha, the 
glass transition point Tg, and the brittleness index value B were measured by the following method, and were shown in 
Table 1 - 3 with glass composition. 

[0029] Among these, Example 15 - Example 20 are examples of comparison, and Example 15 is [ the example of a 
constituent given in JP,3-40933,A, Example 17 - Example 20 of the example of a soda lime glass and Example 16 ] 
examples of a constituent given in JP,7-257937,A. The measuring method of each property is described below. 
[0030] Specific gravity: It is based on the Archimedes method. 

Average coefficient of thermal expansion alpha (unit : xlO- 7/degree C): Carrying out a temperature up by part for 5- 
degree-C/by making quartz glass into a reference sample using a differential thermal-expansion meter, the expansion 
curve to the point surrendering [ a room temperature - ] was measured, and the 50-350-degree C average coefficient of 
thermal expansion was read and recorded. 

Glass transition point Tg: (unit : degree C) The tangent was drawn before and behind the folding point of the beginning 
of the coefficient-of-thermal-expansion curve at the time of coefficient-of-thermal-expansion measurement, and the 
temperature equivalent to the intersection was recorded as a glass transition point. 

Brittleness index value B (unit : m- 1/2): The big problem at the time of applying the index of brittleness to glass is the 
fracture toughness value KC. It is hard to evaluate correctly. However, as a result of examining some technique, these 
people have found out that brittleness can be quantitatively evaluated from the relation between the size of the marks of 
the indenter which remains in a glass front face, and the length of the crack generated from the four corners of marks, 
when the Vickers indenter is pushed in. 

[003 1] The relation is defined by the formula (2). Here, P is the pushing load of the Vickers indenter and a and c are the 
length (overall length of two symmetrical cracks containing the marks of an indenter) of the crack generated from the 
diagonal length and four corners of the Vickers indentation, respectively. The brittleness index value was evaluated 
using the size and formula (2) of the Vickers indentation which were driven into the front face of various glass. 
[0032] 
[Equation 2] 

c/a = 0. 0056B 2 ' 3 P A/6 (2) 

[0033] A brittleness index value is 1/2 or less [ 7400m - ], and the glass by the example of this invention has little fear 
of the crack in a manufacturing process etc. so that more clearly than Table 1-3. 

[0034] An average coefficient of thermal expansion is in the range of 60x10-7 - 75xl0-7/degree C, and can assemble 
PDP using the frit material for alumina-ceramics substrates, moreover, each glass transition point is 660 degrees C or 
more, and is large-sized - there is no problem of glass deforming or contracting in manufacture of PDP Moreover, 
specific gravity is less than 2.6 and lightweight-izing at the time of using as a substrate for flat panels is easy. 
[0035] On the other hand, since a glass transition point is 550 degrees C, Example 15 has a possibility that deformation 
and contraction of the glass in a PDP manufacturing process may pose a problem. The brittleness index value is over - 
1/2 7400m, and Examples 16-20 tend to produce a crack in manufacture process etc. Moreover, each specific gravity of 
glass is 2.6 or more, and lightweight-izing of a member is difficult. 
[0036] 
[Table 1] 
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[0039] 

[Effect of the Invention] The glass by this invention cannot break easily, and since thermal resistance is high, the 
substrate for plasma displays etc. is suitable for it for the use which requires this property. Moreover, since specific 
gravity is small, lightweight-ization of the PDP substrate glass accompanying enlargement of a panel is realizable. 
Moreover, since the coefficient of thermal expansion is smaller than soda lime glass, it is hard to carry out a heat crack 
at the heat treatment process under manufacture, and productivity is high. Furthermore, the glass by this invention also 
fits production by the float glass process. 



[Translation done.] 
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4 04 3$r*SMritf)(c3:*fc J: DSWfc:* 
[0004] Cio^^x^c^a^i^tiiajR^coK 

(^¥3-40 9 33, 1WP7-2 57937) . 

wknaumtftixb. v-yGiztfyxx-mmt* 



[0005] 

[0006] *HHJ<7)IW{±, IBLSJSftU Mix 
fc<<. *fiPDP<0«ja(CaW*J:?(cKv^5X|E 

s. 

[0007] 

SiOz 56-65. 
Ah 03 1 5S-2 3. 
20 MgO 0- 7. 

CaO 0— 8. 

MgO+CaO 4—15. 
Nai O 0- 9. 

K 2 O 0-1 1 . 

Nai O + K2 O 8-1 2*iH. 
Zr0 2 0— 2. 

[0008] 

30 rnm*)x-t>h, 

SiOz :#5Xtf>#*g£»|£?-.&J&JK\ 5 6*4% 

6 5%®xiimmimtfi&Ttz>. sio 2 

(±. 5 8-6 3%<0«Hs&*J:"Jff4U\ 
[ 0 0 0 9 ] A 1 2 O3 : tfJXffltjUt ±W . WfSHt 

AI2 0 3 i±, ±ffi&H+l 7-2 0%<7)&H#J: 
[0010] MgO: ^M#-C(±&^\ tfyW® 

mtvmzyif. mmmm-timm^x-tin 

MgOii, ±tejSH4»l-5%OKH* i «J; 1 9»4 
[ 0 0 1 1 ] C aO : jgflW^TJi^V^. tfyXCM 

50 ^i)i$*>'7<#<^ , 9-w.ffl[6]^S)'9. tro'gmm 
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(3 

3 

[00 1 2) MgO + CaO : tfyA<?)®Mm.X'COtt 
tt£TW\ MKl/i»*<fftfc*>. iWr< 
*T4XJ2U:***ft. ffi*. £*?1 5%j@-C{i#5 

[ 0 0 1 3 3 Na 2 0 : <eiUfi^Cii4rV^. #5-X<?) 

*MwottttSTW. mtimt zmtfb&o-ck 10 
fit^'/js $ < * * fc«> , pdp omx^MHttm < & h *> 

Ztltfh*. Nai 0(2. JJEKffl+l-7«W«H*t 

[ 0 0 1 4 ] K 2 O : dftUHmftrVVftf. #5X0)8 

L0»U 1 lmCttJIMWMabW*^* 
W. #5Xcoft^W»Att#*Wtfti«fi* { & 
I). K 2 012. JilS«EH+2~9%c7)iEH* i cfcO0St 20 

[0015] Na 2 0 + K 2 O : tf7A<mffl&g.T'Cr> 
fottfcW. «HL**<-*ftfc*>, i: i-2f£ 

5 k #5x<^j^«><*# < wtzmmb 

tJ-tii****. ±iEI5ffl+9-l 2 J: 9 

[ 0 0 1 6 3 Z r 0 2 : *}yX<?>1fyAW&&k±.Wh 
fctf>fc. mX'teK^tf. L*»U 2% 30 

jgT12#5X^M$^*:*£k££tfc*fta J £>ft. i 
OR^T'Ji. Z r 0 2 (2 0 . 5 %*)lk Sill) Z t m 

1 0 0 1 7 ] W±<7)!&ft<m. SOs . Asz 0 3 . S 
b 2 O3 GniKBXi. Fez O3 . NiO. CoO, T 

iO2.se.ceO2 %&>mmmzws.mx'% 

ft. CaO. MgOfcH«*)SMtef»ftfc*>fc:. 

SrO. BaO. Z n OSrSaoT* 6. ft*ttttt, S 
r Ofc J; Z n Ott*fvNl 2 %WT. B a OttjjSjDtC 
*ftJSSOti*#*#V^y>l%J,;lT. SrO, Ba 40 
0,Zn 2 %&.TmnT$ ft . 

[00183 $<^c. Na 2 o. K 2 okmmow&z 
»*fc»(c, Li 2 otixianBiirc**. fc£Ufi 

Ztitfhh. $ 4>tc. S»tt*l*Lt*-ftfc*>fc:Bi 03 
TStfftOT'l. 5%*ffibThZtm*L\\ 

[o 0 1 9 3 ttz. *m<vmmtfymf$.mi. it 

it, 2. 5 5WF. i>-?ti>mi<l*2. 5£XTX'h 50 



*fW- s F9-2 4 94 3 0 

4 

ft. 

[00203 aM»»OfflRffl^?^ajR!ftti, ftlWfc 
Ji. 5 0-35 0 °C W¥^*J&3S$i5:tf 6 0 x 1 0" 7 - 
7 5X1 0- 7 /XW®.mz$>&ff)X\ TJUii-tyi -/ 

txmmoyv vVttmzm^x. pdp*ii»£t 

ZZttfX'ZZ. 

[ 0 0 2 1 3 *#*3fflEffl#5*fil<ai!tf>;if5 
^IS^i6 6 0*CW±t'$)l»;i:*W^LV\ «t 05 
A^^fari/^ £HifiL*W<"f ft fcv^itei 
T12. #5*«WW*6 9 0X.\^±.X'hhZ btf£ 0# 
4U\ 

[00223 fllfc. #f£HJ!KJ:ft#5X(2Ife$8t«ffi# 
7400m-'WM:t*'mK > cfcOif^L 
<(2. 7 3 00m-«/»fe[TC*ft. 

[ 0 0 2 3 3 *Wfflc*JWr, #5X<«$|gg 

ffifflt"ft (B.R.Lawn and D.B.Marshall, J. Am. Ceram.So 
c. .62(7-8)347-350(1979) ) . H$£fHiBf2 

(1) ejsojaisii*. 

[00243 
[»13 

B=Hv/Kc (1) 

[00251 *#B*>#5Xtt. 77X7f-(^7W 
fflg«k UT»jfT'J)ft. *0#3&§ifi«24 2 5-4 
75nm. 510— 560nm. 6 0 0— 6 5 0 rime?) 

5 %£Ltfc & -> T ^ft i k *»#4 L 

v ^ . zti e> m^mx-^mtti^mmz^zmmx' 
thfrbx-bh. 

[0 026 3 *mv>#7Ali. mttt&0)X 0 

1 5 0 0-165 0*CtCJrt»L-C«FHfrr* . ^<o?§st^ 

Br-fft. 
[00273 

[HMW13 mmmzKi x o \<zw& 

L, fi&WBSrfflWC, 1 5 50-1 6 5 0*C<OiaST 
y£WAL2m®mnitf7Acomfcift-?te. 

xmm^yx^itbL. mmzfmtm&iK. 
[00283^3 ixm>tuk#7witA* w&m 

MMa* tiyAim&Tt , ttS*WMB£TiE<>W5r 

[00293 coa^. mi 5^m2o\timmx'b 

0. «1 5ttV-^BWf9^«, mi 6i$mV3 
-4093 3IBiffi^a^ft^. M 1 7-0IJ 2 0Ji#K 

¥7-25793 itmnmmnwxhh . vcnzz 

«rtt«MUe*J6Si8^ft. 
[0030J Itfl : T/MMrXffifcJ:!.. 



03/13/2003, EAST Version: 1.03.0002 



(4) 



#^¥9-249430 



VmB&ma (#fi:Xl 0-VC) : tOSSM 
L&#£>. Sia-mS^T^i^ftlS^ai^L. 5 0 

tfyxw&tiT, (m-.-c) immmmsmm 

M£8§®<IB (#{5: m-'/2) : MtWmZtiJZlZ 

fib # {c#9Ai<lfflKSI>E?<90J<9*# £ fc«<»i 
*^f&£-?-|> 9 9 b <om&frt>MZ 

(=IWT* S> i t £ IA tff LT t ^ . 
[003 1 ] ^OM^Ii^ ( 2 ) fcJ: 9£it£ftl>. £ 

?9-y?<0:£JI) T*S. &8;#9X<7)*lffiKfT*>&A 
Z:h'.y^-xE«co^«i:5t (2) fcfflwt, 

[0032] * 



* [I&2 3 

c/a = 0. O056B^ P 1/6 (2) 

[00333 $u-~£3X')We>fr%*olz. *mm 

mmizX&tfJAit. fS£*!Siffi* { 7 4 0 0m-'/*Ja 

[00343 yi^mimmi. eoxi o- 7 -7 5 x 

1 0 - VCeOSEH fc $> 0 , 7^ 5 -Ms 9 5 -y 7 
<07y-/F*m*fflwc. PDP£i|fl*:4T5l>. 2 
10 , #9*«»jftliVv$Yifc 6 6 0 -COLT'* 0 , *2 
P D POKttfc** v >T # 7^«l t 0 TO Lit <0 1 

[003 5 3 M 1 5\Z.tiyXffl&&tf 5 5 0W 
* S fc*> . P D P IBttlSW^ 9 ^<038B ^lOOftMBJ 
■k^fiJS-e^ft*. mi 6~2 0ttKSSMW*7 

#9X<7>Jt»*Hvfiii 2 . 6W±T\ 

20 a««iai'fb6Wc»4. 

[00363 

mi] 





1 


2 


3 


4 


5 


6 


7 


8 


s i o, (fifiao 


64.3 


61.1 


56.6 


63.5 


59.2 


64.4 


61.5 


57.9 


Al, O, 


16.7 


16.5 


22.6 


18.8 


17.5 


19.1 


16.6 


18.4 


MgO 


3.8 


4.6 


4.2 


0.0 


6.9 


4.8 


4.4 


3.9 


CaO 


5.7 


6.9 


6.3 


7.1 


6.6 


0.0 


7.0 


7.2 


S rO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.8 


0.0 


BaO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.9 


Na a O 


3.7 


3.6 


4.1 


4.2 


3.9 


4.7 


3.9 


0.9 


K* O 


5.7 


6.2 


6.2 


6.4 


5.9 


7.1 


5.9 


10.8 


ZrO, 


0.0 


1.1 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




2.47 


2. 51 


2. 51 


2.45 


2.52 


2.41 


2.50 


2. 51 


a (xiO-'/T) 


64 


66 


63 


69 


70 


66 


68 


72 


t, «;) 


716 


752 


724 


736 


705 


746 


707 


729 


B (m" 1/J ) 


6900 


7300 


7100 


6800 


7200 


6800 


7000 


7100 



[00373 



X X [H23 
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8 



10038] 





9 


1 0 


1 1 


1 2 


1 3 


1 4 


S 1 Oi {&&%) 


59.1 


60.1 


61.3 


61.6 


59.6 


57.9 


Al, O, 


17.8 


19.8 


18.2 


18.3 


17.8 


17.2 


MgO 


4.4 


4.5 


4.5 


4.6 


4.4 


6.7 


CaO 


7.9 


6.7 


6.8 


6.9 


6.7 


7.7 


Na, O 


4.3 


2.4 


6.1 


8.7 


0.0 


4.2 


Kj O 


6.5 


6.6 


3.1 


0.0 


11.0 


6.4 


Z rO, 


0.0 


0.0 


0.0 


0.0 


0.5 


0.0 




2. 51 


2.50 


2.50 


2.50 


2.48 


2.53 


a (X10 / w 


73 


62 


67 


66 


66 


75 




702 


730 


695 


690 


749 


702 


B (m* 1 ' 2 ) 


7100 


7000 


7100 


7100 


7000 


7200 




* 


* [*33 










1 5 


1 6 


1 7 


18 


1 9 


20 


s i o, ma%) 


72.5 


58.0 


57.4 


57.4 


58.6 


58.0 


Al, O a 


1.0 


10.0 


12.1 


12.1 


14.2 


12.5 


MgO 


2.5 


4.0 


3.0 


3.0 


2.0 


2.0 


CaO 


9.5 


9.0 


5.9 


7.9 


5.1 


5.0 


S r O 


0.0 


3.8 


1.0 


1.0 


2.0 


2.0 


BaO 


0.0 


3.0 


4.0 


4.0 


3.0 


6.0 


ZnO 


0.0 


0.0 


2.0 


0.0 


0.0 


0.0 


Na* 0 


14.0 


4.0 


4.2 


4.2 


6.0 


4.0 


K, O 


0.5 


6.0 


8.2 


8.2 


6.1 


8.0 


Z rOj 


0.0 


2.0 


2.2 


2.2 


3.0 


2.5 


SOa 


0.0 


0.2 


0.0 


0.0 


0.0 


0.0 


it£ 


2.49 


2.65 


2.63 


2.62 


2.60 


2.63 


a (xurvt:) 


87 


79 


81 


84 


81 


81 




550 


645 


655 


646 


654 


652 


B (nf 1/2 ) 


7100 


7600 


7600 


7500 


7500 


7600 



[0039] xmntzmm?* i. ttz. mtmmtfv-yy a a 
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